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INTEGRATED CIRCUIT INCLUDING BYPASS
SIGNAL PATH

FIELD

The embodiments discussed herein are related to an inte-
grated circuit.

BACKGROUND

In recent years, the performance of components constitut-
ing a computer and other information processing apparatuses
has been improved significantly. This seems to be due par-
ticularly to the improvement in the component performance
of SRAM (Static Random Access Memory), DRAM (Dy-
namic Random Access Memory), processors, switch LSI
(Large Scale Integration), and so on. However, 1n order to
improve system performance, the signal transmission speed
between these components and eclements needs to be
improved. In this regard, the improvement of system perfor-
mance includes an increase 1n the transmission capacity that
1s measured by bit/sec, a decrease 1n the transmission delay,
and so on.

For example, the gap between the speed of memories such
as SRAM, DRAM and that of a processor 1s expanding, and
the gap between the speeds 1s hindering the improvement of
computer performance. In addition, as IC chips become
larger, not only the signal transmission between these chips
but also the signal transmission speed between elements and
between circuit blocks on an IC chip 1s becoming a significant
factor that limits the performance of the IC chip. Furthermore,
the signal transmission speed needs to be improved also for
the coupling between servers or between boards.

However, with an improvement 1n the signal transmission
speed, 1n a case where a signal 1s received at a high data rate
on a printed circuit board on which a plurality of IC chips are
mounted, the signal quality deteriorates to a large extent, due
to signal reflection and crosstalk. In addition, 1n a case where
a plurality of IC chips are mounted on a circuit board and
signal lines coupling between the IC chips cross 1n a compli-
cated way, and with some signals, where a plurality of IC
chips are coupled to one signal line, the signal quality dete-
riorates to a large extent.

The wiring diagram 1n FIG. 18 includes IC chips 181-184
(IC1-1C4). It 1s a configuration example of so called multi-
drop coupling where 1C chips are coupled by signal lines.

Such a wiring of signal lines causes the deterioration of
signal quality (distortion of waveform), due to mutual inter-
terence between a plurality of signals and multiple reflection
ol a signal caused by impedance mismatching at a multidrop
coupling point.

Theretfore, proposals have been made for avoiding the deg-
radation of the signal quality due to the wiring topology
having complicated crossing and multidrop coupling. In
Japanese Laid-open Patent Publication No. 4-282913, a pro-
posal 1s made to make it possible to perform signal transmis-
sion with little delay, by providing a switch for bypassing an
LLSI and using the bypass path when there 1s no need to go
through the LSI.

In addition, the switching of signals in a general IC chip 1s
performed with the router function that 1s built 1n the signal
processing part of the IC chip itself. The router function 1s
realized by a logic circuit. In recent years, with the speeding,
up of the I/0, the operating frequency of the logic circuit 1s
often a low value being a fraction (for example, Y4, 15, V1s) of
the clock frequency of a signal. Therefore, the router function
by means of a logic circuit generates a large signal delay. For
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this reason, there has been a problem that when all signals are
routed through the router function and the logic circuit within
a chip, the overall performance of a system deteriorates due to
the signal delay.

SUMMARY

According to an aspect of the embodiments, an integrated
circuit includes a bypass signal path exchanging, between
transcervers which are included 1n the integrated circuit, a
signal transmitted/received between a transceiver of the
transceivers and an internal logic circuit which processes data
being input/output by transceiver with bypassing the internal
logic circuit, a switch switching a pathway of the bypass
signal path, and a switch changeover controller transferring a
switch control signal that performs a changeover of the
switch.

The object and advantages of the invention will be realized
and attained by means of the elements and combinations
particularly pointed out in the claims.

It 1s to be understood that both the foregoing general
description and the following detailed description are exem-
plary and explanatory and are not restrictive of the invention,
as claimed.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 1s a diagram 1llustrating a principle of an embodi-
ment of the present invention.

FIG. 2 1s a diagram 1illustrating a principle of an embodi-
ment of FIG. 1 of the present invention.

FIG. 3 1s a diagram 1llustrating a configuration of a high-
speed 1/0, the data rate of the high-speed I/O being 2.5 (Gbat/
sec) and the clock frequency of the internal logic circuit being
2.5 GHz.

FIG. 4A 1s a diagram illustrating a configuration of a
switch.

FIG. 4B 1s a diagram 1illustrating a configuration of a
switch.

FIG. 5 1s a diagram 1illustrating the control flow of embodi-
ment 1.

FIG. 6 1s a diagram 1illustrating a configuration of a high-
speed 1/0, the data rate per a signal line of the transceiver
being 6.4 (Gbit/sec) while the mternal logic circuit 1s operat-
ing with a low clock frequency of 400 (MHz).

FIG. 7 1s a diagram 1llustrating a configuration using a
clock recovery circuit.

FIG. 8 1s a diagram illustrating a circuit including, 1n 1ts
bypass signal path, a circuit for correcting a timing mismatch
(skew) between a plurality of signal lines.

FIG. 9 15 a diagram 1llustrating a configuration of a timing,
correction circuit 85.

FIG. 10 1s a diagram illustrating the operation of the timing
correction circuit 85.

FIG. 11 1s a diagram 1llustrating a configuration in which a
current mode signal transmission circuit with a small ampli-
tude 1s used for the data path of the bypass signal path (includ-
ing a switch).

FIG. 12 1s an example 1llustrating a configuration in which
the stmilar signal 1s transmitted to a plurality of destinations
by one-to-many coupling.

FIG. 13 1s an example 1llustrating a configuration in which
the delay amount 1s different respectively for each signal path
of the bypass signal path.

FIG. 14 1s a diagram 1llustrating the control flow of the
configuration illustrated 1n FI1G. 13.
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FIG. 15 1s a diagram 1llustrating a configuration to which a
redundant circuit 1s added.

FIG. 16 1s a diagram 1llustrating the control tlow of the
configuration illustrated 1n FI1G. 15.

FI1G. 17 1s a diagram illustrating a configuration without a
switch control signal path, 1n which a configuration setting
command 1s transmitted/received via the bypass signal path.

FIG. 18 1s a diagram 1llustrating a conventional example.

DESCRIPTION OF EMBODIMENTS

Hereinafter, embodiments will be explained in detail with
reference to the accompanying drawings.
(Explanation of the Principle)

In order to avoid the degradation of signal quality due to the
wiring topology having a plurality of crossings and multidrop
coupling, the topology 1s made with a plurality of IC tips
coupled by one-to-one wiring without any crossing part of
signal lines. Then, 1 order to exclude crossed wiring and
multidrop wiring on the circuit board, input/output signals are
switched within the IC chip.

FI1G. 1 and FIG. 2 are diagrams illustrating the principle of
the embodiment. The circuit illustrated 1n FIG. 1 includes IC
chips 1-4, 1n which IC chips 181-184 illustrated 1n FIG. 18
(conventional) are provided and low-latency switches 9-12
are used for the wiring between respective internal logic
circuits 5-8.

Here, the switches 9-12 have a function to transmit data
selectively to a certain destination, and are capable of per-
forming multiple groups of data transmission at the similar
time. In addition, assuming no internal confliction, the time
from receiving a frame at an input port to outputting 1t through
an output port 1s short 1n the low-latency switches 9-12.

Here, for example, a crossbar switch 1s used as the low-
latency switch.

Next, the crossing parts 1in the wiring illustrated in FI1G. 18
(conventional) are all taken inside the IC chips 1-4, and all
lines are controlled, by the switches 9-12, to be coupled
one-to-one. In addition, 1n a case of transmitting a signal
beyond immediately adjacent IC chips 1-4, the signal 1s trans-
terred hopping a plurality IC chips. The function realizes the
crossing of the lines and multidrop coupling effectively.

Meanwhile, FIG. 2 1s a diagram 1llustrating an integrated
circuit having a plurality of high-speed I/O transceivers
(transmitter and recerver). A circuit 21 illustrated in FIG. 2
includes an internal logic circuit 22 (data processor), demul-
tiplexers 23, 25, a switch 24, multiplexers 26, 27, a bypass
signal path 28, and a switch control signal path 29.

The 1nternal logic circuit 22 determines the pathway of the
bypass signal path 28. A signal that may not need switching,
by the internal router logic (the one that may notneed any path
change once the system configuration i1s determined) 1is
passed through a low-latency path. In this case, the setting of
the switch 24 1s changed through the switch control signal
path 29, on the basis of the result of the calculation of the path
selection performed in the switch changeover controller pro-
vided in the internal logic circuit 22. At this time, once the
path 1s selected at the beginning, few path changes may be
required after that, and the delay of the internal logic circuit
22 does not matter.

The bypass signal path 28 couples, to another high-speed
[/O transmitter, a signal that a high-speed 1/O recerver
received from outside, bypassing the internal logic circuit 22.
The delay 1n the signal transmission performed while hop-
ping IC chips 1s reduced by disposing the switch 24 that
switches the coupling destination to the bypass signal path 28.
All signal couplings may be one-to-one with no delay prob-
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4

lem, for a signal that merely goes through IC chips and may
not require any internal logic processing.

Here, the front end part of the transceiver that directly
transmits and recetves a high-speed signal 1s located 1n the
part that directly couples to the input/output terminal. The
high-speed 1/O transceiver includes, not only the front end
parts that operates at the highest speed, but also the multi-
plexer and demultiplexer located in the subsequent stage. In
FIG. 2, since the switch 24 1s located between the coupled
multiplexer and demultiplexer, the switch 1s integrated into
the transceiver and the recerver.

For the switching timing of the switch, with respect to the
low-latency path, the changeover of the switch may be
required to be completed before a signal runs. For this reason,
the configuration (which signal 1s to be coupled to where,
which signal 1s to be transmitted bypassing the integrated
circuit and which signal goes through the internal router
logic) 1s determined upon starting up the system (that may
include a plurality of integrated circuits coupled by the high-
speed 1/0 according to the embodiment).

In that case, a data format that may distinguish normal data
and setting commands for configuration may be required. For
example, with the data format, a special code (for example,
Command pattern) assigned for the purpose of system control
may be transmitted for recognizing non-data.

As described above, the high-speed signal lines on the
board may be coupled one-to-one, and the propagation delay
of the signal hopping via the chip may also be minimized.

In addition, since the signal lines are couple done-to-one,
multiple signal reflection due to multidrop coupling does not
OCCUL.

Furthermore, since there 1s no signal crossing part, the
problems of crosstalk and impedance mismatching are
reduced, and the transmission rate may be improved while
avoiding the problem of the degradation of signal quality,
improving the overall system performance.

(Embodiment 1)

FIG. 3 1s a diagram 1llustrating a configuration of a high-
speed 1/0, the data rate of the high-speed I/O being 2.5 (Gbat/
sec) and the clock frequency of the internal logic circuit being
2.5 GHz. The configuration in FIG. 3 1s made with no multi-
plexer and demultiplexer. The circuit 1s configured for a case
such as the one in which the clock frequency of the internal
logic circuit exceeds several GHz.

An IC chip 31 illustrated 1n FIG. 3 includes an internal
logic circuit 32, high-speed 1/O transceivers 33, switches 34,
switch control signal paths 35 and a bypass signal path 36.

The four-channel transcerver 33 has eight pairs of I/O ports
that respectively include four pairs of high-speed 1/O trans-
ceivers of which data rate 1s 2.5 (Gbit/sec). The transcerver 1in
the I/0 port performs the exchange of signals with the internal
logic circuit 32 of which operating frequency 1s 2.5 (GHz). A
signal received by the high-speed I/0 transcerver 33 1s trans-
mitted to the internal logic circuit 32, and the data in the
internal logic circuit 32 1s transmitted to outside by the high-
speed I/0 transceiver 33. The signal from the high-speed
transceiver 33 1s coupled to other high-speed transcervers 33
(1including its own port) via the bypass signal path 36 and the
switch 34, bypassing the internal logic circuit 32.

Any pair of the total eight ports of the high-speed I/O may
be coupled via the bypass signal path 36 and the switches 34.
The configuration such as the crosspoint type may be used for
the switch 34. The crosspoint type using eight 8:1 selectors 1s
adopted 1n the present example.

Here, the configuration of the switch is illustrated in FIG. 4.
FIG. 4A 1s a diagram 1illustrating a differential-type switch.
Input signals D1, DX1 and input signals D2, DX2 are selected
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by a selector control signal SEL. The selector control signal 1s
input to each switch 34 via a switch control signal path.

The mput signals D1, DX1 side 1s mput to a differential
input unit including transistors Tr1l and Tr2. The input signal
D1 1s input to the gate o1'1r1, and the input signal DX1 1s input
to the gate of Tr2. The source of Irl 1s coupled to a power
VDD wvia a resistor R1. The source of Tr2 1s coupled to the
power VDD via aresistor R2. The source of a transistor Tr5 1s
coupled to a ground GND. Meanwhile the respective drains of
Tr1, 2,5 are coupled. The selector control signal 1s input from
the gate of Ir3.

The mput signals D2, DX2 side 1s mput to a differential
input unit including transistors Tr3 and Tr4. The input signal
D2 1s input to the gate o1 Tr3, and the input signal DX2 1s input
to the gate of Trd. The source of Tr3 1s coupled to a power
VDD via a resistor R1. The source of Trd 1s coupled to the
power VDD via aresistor R2. The source of a transistor Tr6 1s
coupled to a ground GND. Meanwhile, the drains of 'Irs 3, 4,
6 are coupled. The selector control signal 1s mput from the
gate of Tr6 via an inverter INV1.

In other words, the conduction of Tr5 and Tr6 1s controlled
by switching the selector control signal. The control 1n this
way enables the switching of signals output to output VOU'T1
and output VOUTX1.

FIG. 4B 1s a variation of the circuit in FIG. 4A, 1n which a
transistor 1r7 1s inserted between Tr5, Tr6 and the ground
GND to add a bias signal (BIAS).

Next, a control tlow illustrated 1n FIG. 5 1s explained.

In step S51, upon 1nitialization of the IC chip and so on, a
command for switching the pathway of the bypass signal path
36 thatis a low-latency path as described above 1s 1ssued to the
internal logic circuit 32.

In operation S52, path determination 1s performed by the
internal logic circuit 32. In other words, a switch control
signal (switch control information) for the changeover of the
switch 34 1s generated.

In operation S33, the switch control signal 1s 1ssued from a
switch changeover controller 1n the internal logic circuit 32 to
the switch 34.

In operation S54, each of the switches 34 receives the
switch control signal, and switches the coupling of the inter-
nal circuit of the switch 34, 1n accordance with the switch
control signal. Then, respective operations are put in the
waiting state until the switching 1s completed.

In operation S55, upon the completion of the process for
the switch 34 1n S54, a completion signal 1s 1ssued to the
high-speed I/O transceiver 33. The high-speed I/O transceiver
33 that recerved the completion signal enters the enabled
state, and becomes able to transmit/recerve the input/output.

In operation S356, the IC chip enters the operating state and
the high-speed I/0 transceiver 33 starts the data transmission/
reception.

(Embodiment 2)

Embodiment 2 1s different from embodiment 1, and 1s an
example of a case 1 which the internal logic circuit 1s oper-
ating at a slower clock frequency with respect to the signal
data rate. For example, in FIG. 6, the data rate per a signal line
of the transceiver 1s 6.4 (Gbit/sec), while the internal logic
circuit 1s operating at a slow clock of 400 (MHz).

An IC chip 61 illustrated in FIG. 6 includes an internal
logic circuit 62, high-speed 1/O transceivers 63, Demux/
MUX(1:2) umts 64, switches 65, Demux/MUX(1:16) units
66, a bypass signal path 67, and switch control signal paths
68.

The high-speed 1/0 transceivers have eight pairs of 1/O
ports respectively including four pairs of high-speed 1/O
transceivers ol which data rate 1s 6.4 (Gbit/sec). The trans-
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6

ceiver 1n the I/O port performs the exchange of signals with
the internal logic circuit of which operating frequency 1s 6.4
(GHz).

A signal receirved by the high-speed 1I/O transceiver 63 1s
transmitted to the internal logic circuit 62 via the Demux/
MUX(1:2)unit 64, the switch 63 and the Demux/MUX(1:16)

unit 66. In addition, the data 1n the internal logic circuit 62 1s
transmitted to outside by the high-speed I/O transceiver 63

via the Demux/MUX(1:16) unit 66, the switch 65 and the
Demux/MUX(1:2) unit 64.

A signal received by the receiver of the Demux/MUX
(1:16) unit 66 1s subjected to serial-parallel conversion by
1:16 demultiplexor: Demux and passed to the internal logic
circuit 62. Meanwhile, data output from the internal logic
circuit 62 1s subjected to parallel-serial conversion by 16:1
multiplexor: MUX and output from the high-speed 1I/O trans-
celver.

The switch 65 and the bypass signal path 67 are provided in
the medium-speed signal path in which the frequency of
input/output signals have become 3.2 (GHz) after passing
through 1:2/2:1 Demux/MUX. A signal from the high-speed
transcerver 63 1s coupled to other high-speed I/0 transceivers
63 (including 1ts own port) via the bypass signal path 67 and
the switch 65.

According to the present embodiment, a large-scale logic
may be configured easily since the clock frequency of the
internal logic circuit may be kept low, and the delay of the
bypass signal path 67 and the switch 65 may be kept small.
(Embodiment 3)

FIG. 7 1s a diagram 1illustrating the configuration of
embodiment 3 (however, the present example 1s the one using
two transceivers).

In embodiment 3, the clocks of the source/destination that
transmits/recetves signals with the high-speed I/O are not
necessarily synchronized completely, and include ones gen-
erated from an independent clock source. In order to recerve
such signals, the recerver of the high-speed I/O has a clock
recovery circuit to generate a recovered clock synchronized
with the clock at the transmitting side, and uses the recovered
clock for receiving signals.

An IC chip 71 illustrated 1n FIG. 7 includes an internal
logic circuit 72 and transceivers 73.

The transcerver 73 includes a clock recovery circuit (CRU)
74, demultiplexers 75, 77, a switch 76 (input side), a switch
79 (output side), multiplexers 78, 710, a switch control signal
path 711 and a bypass signal path 712.

In the present embodiment, the demultiplexers 75, 77, the
switch 76 (input side), the switch 79 (output side), the multi-
plexers 78, 710 are driven 1n accordance with a clock recov-
ered by the clock recovery circuit 74.

According to the above configuration, there 1s no need to
use the similar clock in the entire system, increasing the
degree of freedom in the system configuration, and at the
similar time, when a received signal 1s transmitted to the
bypass path, the switch and the transmitter, no delay occurs
accompanying the clock switching (FIFO 1s used generally).
(Embodiment 4)

FIG. 8 1s a diagram 1illustrating the configuration of
embodiment 4. Embodiment 4 1s a circuit in which 1n certain
high-speed 1/0O ports, a circuit for correcting a timing mis-
match (skew) between a plurality of signal lines 1s included in
the bypass signal path.

An IC chip 81 illustrated 1n FIG. 8 includes an internal
logic circuit 82, high-speed 1/O transceivers 83, switches 84,
timing correction circuits 85, a clock generation circuit 86, a
bypass signal path 87 and switch control signal paths 88.
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The correction of a skew 1s realized, after performing clock
recovery for each of a plurality of signals and receiving the
signals by performing timing matching (retiming) with a
single clock. When there 1s a timing mismatch equal to or
more than one bit time (1UI) of a signal, the timing matching
1s performed by a delay circuit including a fhip tlop. The
timing matching 1in units of one bit time 1s performed upon the
system start-up aiter the power 1s turned on. The switch 84
transmits data and a clock synchronized with the data to the
timing correction circuit 85. In FIG. 8, the clock generation
circuit 86 generates a single clock to perform the timing
matching.

FIG. 9 1s a circuit illustrating the configuration of the
timing correction circuit 85. In FIG. 9, an mter-bit timing,
correction circuit using a demultiplexer 1s explained.

In the timing correction circuit 85, an nput for receiving,
data (#1-#N) from the switch 84 as well as a clock synchro-
nized with the data 1s provided. When clocks are recovered on
the basis of mnput data, however, each pieces of data are not
synchronized as 1llustrated 1n FI1G. 10, generating a skew. In
other words, a skew occurs even between input signals syn-
chronized with clock signals transmitted from a signal source
having the similar clock source. Therefore, the data 1s input to
the 1:2 demultiplexer illustrated 1n FIG. 9 including FFs 91,
92 and 93. For example, when input data (#1) “A” 1s mnput,
data “A” obtained by the 1:2 Demuxing of the input data (#1)
in FI1G. 10 1s output to the output of FFs 92 and 93. In this case,
the output data “A” from the FF 92 has a double data length,
and the output data “A” from the FF 93 is output with a shiit
corresponding to one cycle of the synchronous clock. After
that, a clock generated by the clock generation circuit 86 1s
divided by an FF 96 and input to a selector 94, and data 1s
selected alternatingly. After that, synchronization 1s per-
formed by punching out, by the FF 95, the output of the clock
94 with the clock generated by the clock generation circuit 86.

The skew of data output from the switch 84 may be com-
pensated also for each piece of data (#2-N) by performing the
control 1in the similar manner as described above.

According to the present embodiment, the influence of the
skew between a plurality of signals may be eliminated. For
this reason, the application of the present embodiment to a
back-plane type wiring topology 1n which a plurality of sig-
nals are transmitted over a middle distance (for example, 1m)
makes 1t may possible to perform signal transmission in
which not only the wavetform disturbance but also the skew
between the signal lines 1s compensated.

(Embodiment 5)

FIG. 11 1s a diagram illustrating the configuration of
embodiment 5. An IC chip 11 illustrated in FIG. 3 includes an

internal logic circuit 112, a high-speed 1/O transceiver 113
and switches 118, 119.

The high-speed I/O transcerver 113 includes a demulti-
plexer 116, a multiplexer 117, a current mode driver 114 and
a current mode recerver 113.

The present embodiment uses a current mode signal trans-
mission circuit with a small amplitude for the data path of the
bypass signal path (including the switch). The transmission of
a current mode signal 1s performed by the current mode driver
114 (using a differential pair) with a high output impedance,
and the reception of the signal 1s performed by a current-
voltage conversion circuit (transimpedance amplifier) with a
low 1nput impedance. The current feedback type with which
the voltage output of the output bulfer 1s converted into a
current by transconductor amplifier and feeded back to the
output node 1s used for the transimpedance amplifier. In addi-
tion, the reception 1s performed by the current mode receiver

115 via the switches 118, 119.
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The switch circuits 118, 119 have a tree structure including
an nMOS switch in the data path. Since the current mode
signal transmission 1s performed, there 1s little influence of
voltage drop, and since a small signal voltage 1s used to drive
a large-capacity internal wiring, the power consumption 1s
reduced.

(;mbodlment 6)

FIG. 12 1s a diagram 1illustrating the configuration of
embodiment 6. In the embodiments described above, the
switch 1s selectively switched so that the high-speed signal
lines on the board may be coupled one to one, and the propa-
gation delay of signals hopping via the chip 1s also mini-
mized. Then, since the signal lines are coupled one to one,
there 1s no multiple reflection of a signal due to the multidrop
coupling.

However, there 1s a case where the similar signal 1s trans-
mitted to a number of destinations by one-to-many coupling.
Then, when a signal 1s transmitted to the entire system, one-
to-many signal broadcasting may be required. However, there
1s a problem that since the one-to-many signal broadcasting
involves a large load capacity, 1t 1s difficult to broadcast a
high-speed signal.

In embodiment 6, when transmitting a signal received by a
receiver from outside the switch to a transmitter via a bypass
signal path 129 and switches 124, 127, the similar signal may
be broadcasted to a number of destinations by one-to-many
coupling.

For example, an internal logic circuit 122 generates a
switch control signal so that a switch A in FIG. 12 transmits a
signal to switches B and C. Then, a switch changeover con-
troller of the internal logic circuit 122 generates a switch
control signal so that the switches B and C select the signal
from the switch A.

The switch control signal performs the switching of the
corresponding switches 127(A, B, C) via a switch control
signal path 1210, and changes the coupling to one-to-many.

According to the present embodiment, signals may be
transmitted while solving the problem described above.
(;mbodlment 7)

FIG. 13 1s a diagram 1illustrating the configuration of
embodiment 7. According to this embodiment, the delay of a
bypass signal path may be selected, and the delay amount of
the bypass signal path may be changed respectively for each
signal path.

In the circuit illustrated 1n FIG. 13A, a function for con-
trolling the delay amount 1s provided 1n the switch 24 1n the
circuit illustrated 1n FIG. 2, 1n addition to the switching func-
tion for selecting the path.

A switch 131 illustrated 1n FIG. 13 includes a path selector
132 and a delay amount controller 133.

The path selector 132 performs switch changeover in
accordance with a switch control signal transmitted from an
internal logic circuit 22 via a switch control signal path 29
upon configuration.

The delay amount controller 133 changes the delay amount
in accordance with a delay amount control signal transmitted
from the 1internal logic circuit 22 via the switch control signal
path 29 upon configuration.

For example, in the case ofrecerving a 3.2 (GHz) signal and
returning a signal from the similar high-speed I/O port, a 1:2,
2:1 process performed using a multiplexer and a demulti-
plexer results 1 a delay of 4UI at the minimum 1n total.
Meanwhile, 1n the case of transmitting a signal to a port onthe
opposite side with respect to the iternal logic circuit 22,
signal processing using 1:4, 4:1 demultiplexer and multi-
plexer results 1 a delay of 16Ul Thus, when the delay
amount varies because of the system configuration, the delay
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amount 1s matched by means of the setting of the delay
amount controller 133 1n the switch 131. The configuration
may also be made such that, as a method of matching the
delay amount, the delay may be selected by inserting a flip
tflop 1nto the signal path.

Meanwhile, for the delay amount, a delay circuit that
changes the delay amount 1n terms of hardware by switching
a plurality of passive elements such as the resistor and the
capacitor may be used, or a plurality of butfer circuits using a
desired clock may generate a delay corresponding to the
clock. There 1s no limitation as long as 1t 1s a delay circuait.

In addition, there 1s no particular limitation with regard to
the coupling order of the path selection block 132 and the
delay amount controller 133.

Next, the control flow illustrated 1n FIG. 14 1s explained.
In operation S141, with the initialization of the IC chip and
sO on, a setting command for performing the switching of the
path ol a bypass signal path 28 that 1s a low-latency path as
described above and the switching of the delay amount 1s
1ssued to the mternal logic circuit 32.

In operation S142, the path determination 1s performed by
the internal logic circuit 22. In other words, a switch control
signal (switch control information) for performing the
switching of the path for the switch 131 1s generated. In
addition, a delay amount control signal (delay amount control
information)1s generated for determining the delay amount to
be set for each signal path.

In operation S143, the switch control signal 1s 1ssued from
the mternal logic circuit 22 to the path selection block 132 of
the switch 131.

In operation 144, the delay amount control signal 1s 1ssued
from the internal logic circuit 22 to the delay amount control
block 133 of the switch 131.

In operation 143, each switch 34 recerves the switch con-
trol signal, and switches the coupling of the path selector 132
of the switch 34 1n accordance with the switch control signal,
and also changes the delay amount of the delay amount con-
trol block 133 in accordance with the delay amount control
signal. Respective operations are put into the waiting state
until these switching processes are completed.

In operation S146, upon the completion of the processes in
S143, 144, a completion signal (enable signal) 1s 1ssued to the
high-speed I/O transceiver. The high-speed I/O transceiver
that received the completion signal enters the enabled state
and becomes able to transmit/receive signals.

In operation S147, an IC chip 21 enters the operating state,
and the high-speed I/O transcerver starts the transmission/
reception of data.

According to the present embodiment, a short delay may be
selected for the path with which the delay may be shortened,
without making the delay amounts of all the signal paths
equal, which makes it may possible to give a short delay to a
signal, and to improve the overall system performance.

(Embodiment 8)

FIG. 15 1s a diagram illustrating the configuration of
embodiment 8. It 1s characterized 1n that transceivers are
provided more than the given number, so that even if there 1s
a failure 1n a transceiver or 1 a signal path coupled to 1it,
signals may be transmitted by bypassing the faulty path.

An IC chip 1llustrated 1n embodiment 8 1s an example 1n
which a redundant circuit 1s added to the circuit in FIG. 3
illustrated for embodiment 1. In the circuit in FIG. 15, a high
speed I/0 transcerver 151, a switch 152 coupled to the bypass
signal path 36 and a switch control signal path 153 are pro-
vided as the redundant circuit.

Next, the control flow illustrated 1n FIG. 16 1s explained.
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In operation S161, with the imtialization of the IC chip and
so on, a failure detection command for detecting the faulty
part 1s 1ssued to the internal logic circuit 32. The command
may be 1ssued regularly during operation.

In operation 162, a failure detection path (a path for detect-
ing a failure) 1s determined by the internal logic circuit 32. In
other words, a switch control signal (switch control informa-
tion) 1s generated for performing the changeover of the switch
34 to check whether the high-speed 1/O transcerver 33, the
bypass signal path 36, the switch control signal path 35, the
switch 34 and so on are operating normally. Furthermore, a
circuit for determining the failure detection (failure detection
determination circuit) in the internal logic circuit 32 1s put
into the enabled state (being able to make the determination).

Here, 1n the case of failure detection within the IC chap,
failure detection information for performing switching to the
failure detection path may be prepared 1n advance, and the
stored failure detection information may be called up upon
the reception of a failure detection command, to form the
tailure detection path. Meanwhile, failure detection informa-
tion may be prepared in consideration of the coupling and
configuration of another IC chip, to form the failure detection
path. In other words, the response timing from another IC
chip and so on may be measured to perform the failure detec-
tion.

In operation S163, a failure detection signal transmission
command 1s 1ssued from the internal logic circuit 32. At this
time, the failure detection signal transmission command 1s
1ssued to a corresponding high-speed I/0O transceiver 33 via
the switch 34. For example, the high-speed 1/O transceiver
that recerved the command makes the transmitter and the
receiver 1n the high-speed 1/0 transceiver 33 operate to form
a loop and to return the data to the imternal logic circuit 32.

In operation S164, the data prepared 1n advance for 1den-
tifying the faulty part 1s transmitted from the internal logic
circuit 32 to the corresponding high-speed I/0 transceiver 33.
Then, whether the response 1s normal or not 1s determined by
the failure detection determination circuit.

In operation S165, whether the process of S164 has been
completed for all high-speed I/O transcervers 33 1s checked.

In operation S166, when there 1s a failure according to the
above operations, switching 1s performed so as to avoid the
faulty path and to use the redundant circuit.

In operation S167, the IC chip enters the operating state
and the high-speed 1/0 transceiver 33 starts the transmission/
reception of data.

Thus, the reliability of the entire system may be improved
significantly by adopting the redundant system for signals
between chips.

(Embodiment 9)

FIG. 17 1s a diagram 1illustrating the configuration of
embodiment 9. Embodiment 9 includes 1C chips 171-174.
The IC chips 171-174 have internal logic circuits 175-178 and
low-latency switch parts 179-1712(A-D).

The wiring between the respective IC chips 171-174 1s
done with bypass signal paths coupling the switch parts 179-
1712 (A-D).

The coupling of the bypass signal path 1s switched by the
switch parts 179-1712. For the changeover of the switch parts
179-1712, for example, a configuration setting command
(coupling information) for the management (control and
read-out) 1s generated by an internal logic circuit 178(D), and
issued from the internal logic circuit 178 to the respective
switch parts 179-1712 via the bypass signal path.

In this embodiment, there 1s no signal switch control signal
path, and the configuration setting command 1s transmitted/
received via the bypass signal path.
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With this configuration, IC chips may be coupled with the
completely-periodical one-to-one coupling since there 1s no
control signal and the like except for the bypass signal path
coupled between the IC chips, enabling the implementation
with little problem of the degradation of signal quality.

According to the embodiments described above, since the
signal lines are coupled one-to-one, the problem of multiple
signal reflection due to multidrop coupling does not occur. In
addition, since there 1s no signal crossing part, the problems
of crosstalk and impedance mismatching that happen at a
crossing part are suppressed. For these reasons, the transmis-
s1on rate may be improved while avoiding the problem of the
degradation of signal quality, improving the overall system
performance.

The aforementioned embodiments may be applied to sig-
nal transmission between IC chips, between elements and
between circuit blocks on an IC chip, and particularly to a
technique of high-speed mput/output circuit 1n which a low-
latency bypass signal path and switch are provided.

All examples and conditional language recited herein are
intended for pedagogical purposes to aid the reader 1n under-
standing the invention and the concepts contributed by the
inventor to furthering the art, and are to be construed as being
without limitation to such specifically recited examples and
conditions, nor does the organization of such examples 1n the
specification relate to a showing of the superiority and infe-
riority of the invention. Although the embodiments) of the
present mnventions have been described in detail, 1t should be
understood that the various changes, substitutions, and alter-
ations could be made hereto without departing from the spirit
and scope of the mvention.

What 1s claimed 1s:
1. An integrated circuit comprising:
an 1nternal logic circuit processing data mput from one of
a plurality of input terminals and outputs processed data
to one of a plurality of output terminals;
a plurality of bypass paths bypassing the internal logic
circuit;
a first switch, provided between a first mput terminal
included 1n the plurality of input terminals and the inter-
nal logic circuit, switching pathways of a first path used
for inputting the data to the internal logic circuit from the
first input terminal and a bypass path used for bypassing
the internal logic circuit;
a second switch, provided between a first output terminal
included in the plurality of output terminals and the
internal logic circuit, switching a pathway of the second
path used for outputting the processed data to the first
output terminal from the internal logic circuit and the
bypass path used for outputting the data bypassing to the
first output terminal; and
a timing correction circuit correcting a timing mismatch
between signals output from each of the first switch and
the second switch, when an 1nput signal synchronized
with a clock signal 1s transmitted from a signal source
having a clock source,
wherein the internal logic circuit includes a switch
changeover controller performing the functions of
selecting at least one of paths within the logic circuit and
the bypass path,

generating a switch control signal for the changeover of
the first switch and the second switch,

1ssuing the switch control signal to the first switch and
the second switch,

entering a waiting state until the switching of the first
switch and the second switch 1s completed, and

1ssuing a completion signal when the switching of the
first switch and the second switch completes,
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and wherein, when the 1nput signal 1s mput from the first

switch or the second switch to the timing correction

circuit, the timing correction circuit

generates a first output signal having a doubled length of
the input signal, and a second output signal 1s shifted
from the first output signal by one cycle of the clock
signal,

selects the first output signal and the second output sig-
nal alternately by using a divided clock of the clock
signal, and

performs correction of timing by punching out the
selected first or second output signal by the clock.

2. The integrated circuit according to claim 1, wherein
serial-parallel conversion 1s performed for an input signal
received by a recerver of one of transcervers, the seral-paral-
lel converted signal being

transierred to the bypass signal path configured with a path

clected by performing the changeover of one of the first
switch and the second switch by the switch changeover
controller;

transmitted to a transmitter that is included 1n the other of

the transceivers; and

output after parallel-serial conversion is performed.

3. The integrated circuit according to claim 1, further com-
prising:

a clock recovery circuit recovering a clock synchronized

with a signal at a recerver side of one of transceivers,
wherein when a signal recetved by the recerver 1s transmiut-
ted from a transmaitter that 1s included in the other of the
transcervers via the bypass signal path, the transmitter
operates 1n synchronization with the recovered clock.

4. The mtegrated circuit according to claim 1, wherein

in case a signal received by a recerver 1s transmitted from a

plurality of transmitters through the bypass signal path,
a changeover of the corresponding one of the first switch
and the second switch 1s performed to make a one-to-
many configuration.

5. The integrated circuit according to claim 1, wherein at
least one of the first switch and the second switch comprises
a delay amount controller changing a delay amount of a signal
transierred through the bypass signal path.

6. The integrated circuit according to claim 1, wherein

the plurality of bypass paths exchange, between transceiv-

ers, a transfer signal transmitted/received between one
of the transceivers by bypassing the internal logic cir-
cuit,

the transceivers are provided more than a given minimum

number, and even 1 there 1s a failure 1n the transceiver or
a signal path coupled to the transceiver, a signal 1s trans-
mitted while bypassing a faulty path.

7. The tegrated circuit according to claim 1, wherein
when a bypass signal path between the mtegrated circuits 1s
changed, information given for a changeover of at least one of
the first switch and the second switch goes through the trans-
celver.

8. The mtegrated circuit according to claim 1, wherein 1n
the bypass signal path, transmission 1s performed using a
small-amplitude signal.

9. The integrated circuit according to claim 1, wherein at
least one of the first switch and the second switch 1s a crossbar
switch.

10. The integrated circuit according to claim 1, wherein the
plurality of bypass paths exchange, between transcervers, a
transier signal transmitted/recerved between one of the trans-
ceivers by bypassing the internal logic circuit.
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